The histological findings and their correlation with biochemical functions of the liver in 240 leprosy patients are presented. In 21% with tuberculoid leprosy and in 62% with lepromatous leprosy leprous granulomata were found in the liver. A significant prevalence of granulomatous lesions in the liver among patients with tuberculoid and borderlinetuberculoid leprosy of less than one year's duration suggests that bacillaemia occurs early in all forms of leprosy.
Introduction
That leprosy is a systemic disease which results in involvement of internal viscera is no longer in doubt. Biochemical alterations of liver functions have been reported (Ludin and Ross, 1959; Verghese and Job, 1965; Shivde and Junnarkar, 1967) as well as good descriptions of histopathological findings in liver biopsies from leprosy patients (Job, Karat, Church of South India Hospita, Bangalore-lA, India and de Brito, Carvalho, Marques, Penna, and Azevedo, 1969; Sood and Grueber, 1969 India, were studied after careful clinical examination and histological confirmation of classification of leprosy (Ridley and Jopling, 1966) . A liver biopsy specimen was obtained with Menghini's (1958) liver biopsy needle. Half of the specimen was fixed in 10% formalin, and sections of 5-micron thickness were cut and stained with haematoxylin-eosin and Ziehl-Neelsen stain and examined under the light microscope. Half the liver biopsy specimen was homogenized and cultured in Lowenstein-Jensen medium for Mycobacterium tuberculosis.
Patients known or suspected to have tuberculosis and those with severe intercurrent infections were excluded from the study. Duration of disease and duration of treatment were noted. The distribution of patients according to sex and classification of leprosy is shown in Table I . None of those with indeterminate, tuberculoid, or purely neural leprosy had bacilli in skin smears.
Liver function tests were carried out with samples of blood (Kingsley, 1942) and individual protein fractions by cellulose acetate electrophoresis and subsequent elution of individual fractions (Smith, 1960) . Thymol flocculation and zinc sulphate turbidity were estimated according to the method described by Varley (1962) , serum alkaline phosphatase by the method of Wootton (1964) , bromsulphthalein retention test according to the method described by Henry (1964) , and prothrombin time by Quick's (1940) method. Skin smears for acid-fast bacilli were obtained from eight sites by Wade's (1964) slit-skin technique and the bacillary index was scored according to Ridley's (1964) scale. Bone marrow aspirate was obtained by sternal puncture according to the technique described earlier (Karat, 1966) , spread on glass slides, and stained with Ziehl-Neelsen stain for acid-fast bacilli.
Findings
The histopathological changes in the liver found in these 240 biopsy specimens were similar to those described earlier on a smaller sample except for the presence of tuberculoid granulomatous lesions in 2 out of 115 liver biopsy specimens from the polar-lepromatous type of leprosy. From none of these specimens was M. tuberculosis grown on culture of liver biopsy specimen homogenate. In the specimens examined there was no evidence of cirrhosis of the liver or of amyloidosis of the liver.
The prevalence of leprous granulomata and acid-fast bacilli in the liver in the various types of leprosy is shown in Table  II The relationship between bacterial index in skin smears and presence or absence of leprous granulomata and acid-fast bacilli in the liver is shown in Table III The correlation between the duration of disease, the duration of treatment, and the presence or absence of leprous granulomata and acid-fast bacilli in the liver is shown in Table IV . The prevalence of leprous granuloma in the liver among those who had had less than one year's treatment was not significantly different compared with those who had had Further analysis of this correlation for the 50 patients whose bacterial index was zero in the polar lepromatous, borderline-leproma, borderline-borderline, and borderlinetuberculoid types of leprosy showed that one had acid-fast bacilli in both liver and bone marrow, six had acid-fast bacilli in the liver but not in the bone marrow, while in the remaining 43 acid-fast bacilli were not present in either the liver or the bone marrow. The one patient who had acid-fast bacilli in both liver and bone marrow had had the disease for more than a year and was treated for more than a year.
For purposes of this study those with serum albumin levels less than 3 g/100 ml, globulin greater than 5 g/100 ml, alkaline phosphatase greater than 13 units, zinc sulphate turbidity greater than 12 units, thymol flocculation greater than 2 units, difference in prothrombin time in control and patient greater than 2 seconds and bromsulphthalein retention in the blood greater than 5 % at 45 minutes were considered to be abnormal.
The proportion of patients with granuloma in the liver among those who showed normal levels in the various biochemical tests was compared with that of those who had abnormal levels (Table V) . There were significantly more with liver function, regardless of the presence of acid-fast bacilli. The differences noticed in abnornal levels among those in whom acid-fast bacilli were present compared with those who did not show acid-fast bacilli were not significant. Culture of liver biopsy specimen homogenates in Lowenstein-Jensen medium did not produce any growth.
Discussion
In moving from polar tuberculoid to polar lepromatous leprosy one finds a sharp rise in the prevalence of leprous lesions in the liver. In three patients who were clinically, histologically, and immunologically classified as having lepromatous leprosy, granulomatous lesions characteristic of tuberculoid leprosy were found on liver biopsy. That 21% of patients with polar tuberculoid leprosy and 47% with borderline-tuberculoid leprosy have histological lesions of leprosy on liver biopsy suggests that even in these types of 309 relatively stable disease, in the so-called "immune" group, bacillaemia occurs commonly. There is a direct correlation between the bacterial index and the frequency of histological involvement of the liver. Among 25 patients with a bacterial index on skin smear between 0.1 and 1.0+ (Ridley's scale), 12 (48%) had granulomatous lesions of the liver. Of those with a history of leprosy of less than one year who had been on specific treatment for less than one year 33% were found to have granulomatous lesions of the liver.
It is important to note that even though the bacilli had cleared from skin smears, as shown by negative bacterial index, 14% still had easily demonstrable acid-fast bacilli in sections of liver biopsy.
While there is no doubt that among patients in whom the disease is of longer duration there is a higher prevalence of visceral lesions, a significant proportion of those with histories of less than one year also have acid-fast bacilli or easily demonstrable leprous lesions in the liver, thus further substantiating the suggestion that the bacillaemic phase occurs early in the disease. This finding is at variance with the usual concept of leprosy (Binford, 1969) . Furthermore the percentage of liver biopsy specimens with leprous granulomata does not show a significant rise after one to two years of disease, and among those with a history of one to five years is similar to that found in those with a longer history.
Alterations in liver functions become more obvious only after the presence of bacilli has resulted in the formation of granulomatous lesions (Table VI) . The thymol flocculation and the serum albumin and globulin levels appear the most consistently sensitive indices of liver involvement in leprosy.
The degree of involvement of the liver and consequent derangement of its function is significantly greater in those with lepromatous granulomata in the liver than in those with tuberculoid granuloma. This could be due to the focal nature of tuberculoid lesions: for in those with lepromatous lesions in addition to the numerous lepromatous granulomata, foamy macrophages and bacilli-filled Kupffer cells are seen throughout the liver.
Since the presence of lepromatous granulomata is related to the bacterial load, the higher the bacterial load the higher is the globulin level in the blood (Karaty 1970) ; and since the rise in globulin levels results in alteration in thymol flocculation, thymol turbidity, and zinc sulphate turbidity, the changes noted in these measurements of liver function could be thought merely to reflect changes in globulin rather than to be due to appreciable parenchymal damage to the liver. This is borne out by the relatively small proportion of patients with granulomatous lesions in the liver who show abnormal bromsulphthalein retention tests.
The findings of granulomatous lesions and the persistence of bacilli in the liver after they have been cleared from the skin have an important bearing on therapeutics. So far, clinicians have recommended prolonged treatment with dapsone for bacillated types of leprosy because of the fear of relapse following premature oessation of therapy. The "relapse" could be due to proliferation of bacilli in the reticuloendothelial system, such as the liver and the bone marrow, on withdrawal of therapy, since they persist in these organs long after their disappearance from the skin. It has been demonstrated by using Shepard's foot pad technique that acid-fast bacilli in the liver and the bone marrow of lepromatous leprosy patients are viable even when bacilli obtained from skin biopsies of the same patients on treatment fail to multiply in mouse foot pad (Karat and Harmer, 1970) . Thus the need for prolonged specific antileprosy therapy becomes rational rather than empirical.
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